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© Absorbent polymers and their production. 



© Fines or other particles of water swellable poly- 
meric material are converted into a gel mass by 
absorbing an aqueous solution of a 'cross linking 
agent into the fines, cross linking occurs between 
the cross linking agent and pendant groups in the 
polymer, and the mass is dried and comminuted. 
The polymer is preferably a cross linked sodium 
aery late polymer and the cross linking agent is pref- 
erably a glycidyl ether or a sitane cross linking 
agent. The product is novel and comprises a poly- 
mer structure that is formed of zones in which the 
polymer is substantially free of cross links between 
pendant groups, and the zones are interconnected 
^ by cross links through the pendant groups. 
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Absorbent Polymers and their Production 



Absorbent polymers are widely made in the 
form of water insoluble, water swellable, particulate 
polymeric material derived by polymerisation of 
water soluble poly meri sable material in the pres- 
ence of a cross linking agent. The cross linking 5 
agent is usually a polyethylenically unsaturated 
monomer, which thus causes cross linking in the 
backbone of the polymer. However it is known also 
to cross link through pendant groups, for instance 
by reaction of* pendant carboxylic groups with an 10 
aluminium or other polyvalent metal compound. 

The particulate material is generally made by 
reverse phase bead polymerisation followed by 
drying and separation of the beads, or by bulk gel 
polymerisation followed by drying and comminu- 75 
tion. These processes generally provide a product 
having a spread of particle sizes and in particular a 
product containing a fraction of particle size that is 
smaller than is desirable having regard to, for in- 
stance, flowability and the risk of environmental 20 
problems due to dusting. Generally this fraction of 
"fines" is separated from the particulate material. 
Its upper particles size will be selected according 
to the processing conditions. It may be as high as 
150 or 200um or as low as 50um or even lower. 25 

The separated fines cannot usually be used as 
such and so they are usually either dumped or put 
back into a wet stage in the process so that their- 
polymeric material forms a part of the final dried 
particulate material. Unfortunately the recycling of 30 
fines in this manner tends to reduce the gel 
strength of the final particulate material. 

Important properties for such material include 
gel strength, gel capacity, and rate of water ab- 
sorption. Increasing degrees of cross linking tend 35 
to increase the gel strength but decrease the gel 
capacity and so the cross linking has to be op- 
timised to obtain the optimum combination of gel 
strength and gel capacity. It is therefore very un- 
desirable to cause an unwanted reduction in gel ao 
strength. 

It is known that the rate of water absorption can 
be increased by reacting the surfaces of the par- 
ticles with a cross linking agent, so as to form a 
relatively highly cross linked surface layer. Typi- 45 
cally the cross linking agent is a polyvalent metal 
compound that reacts with carboxylic groups in the 
polymer molecules close to the surface of the 
particles. 

In EP 195406 the preformed polymer is reac- so 
ted in the presence of water with a silane coupling 
agent. It is stated that this can be performed by 
adding a mixture of water and the silane coupling 
agent to the water absorbing polymer in the dried 
state and heating the resulting mixture to evaporate 



water. It appears that, in all the relevant examples, 
the reaction was conducted while the polymer was 
dispersed in a non-aqueous liquid with the result 
that the polymer substantially maintains its initial 
particulate state throughout the reaction with silane. 

Although this process may be a useful way of 
improving the rate of water absorption, and possi- 
bly also the gel strength, of preformed particles of 
a satisfactory size, it is of no assistance in the 
problem of dealing with particles that are too small. 

According to the invention, water insoluble, wa- 
ter swellable, particulate polymeric material is 
made from dry particles of a water-swellable poiyr 
mer formed from water-soluble ethylenically un- 
saturated material, by a process comprising 
forming a gel mass by a process comprising ab- 
sorbing an aqueous solution of a cross-linking 
agent into the said dry particles, 
causing cross linking of the polymer in the gel 
mass by reaction between the cross-linking agent 
and pendant groups in the polymer, and 
drying and comminuting the gel mass. 

Thus in the invention we form dry particles of 
water swellable polymer and then convert them 
back into a gel mass in which they become cross 
linked, and the mass is then recomminuted and 
redried. This is entirely different from processes of 
surface cross linking, such as EP 195406, since in 
such processes the particles that are treated with 
the cross linking agent do broadly retain their origi- 
nal configuration throughout the process. In the 
invention however the fines become an integral 
part of the gel mass and thus permanently lose 
their particulate form within that mass. 

The dry particles that are used to form the gel 
mass preferably have a substantial proportion of 
fine particles in them. Generally at least 30%, and 
often at least 50%, may be fines, for instance 
below 20Gum and usually below 150um, preferably 
below 100um. Particles below 50um can cause 
particularly serious dusting problems and so the 
invention is of particular value when applied to a 
fraction having at least 50%, and sometimes at 
least 90% by weight below 50jxm. 

The initial particls can be a fraction sieved from 
a product, in which event at least 90% of the 
particles will generally be below 200 and usually 
below 150jxm, usually below 100ttm. 

The invention is, however, also of value for 
upgrading the quality of a particulate product that 
does contain particles of a satisfactory size above 
200um but also contains an unacceptably large 
proportion of fines. Thus the dry particulate product 
that is formed into the gel mass can be a product 
which is 0 to 70% by weight, often 0 to 50% by 
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weight, above a chosen particle size and 30 to 
100%, often 50 to 100% by weight below that 
particle size, generally 200um or 150um, most 
preferably 100um. 

The dry particles may have been made by 
reverse phase bead polymerisation, generally fol- 
lowed by sieving to produce a fines fraction for use 
in the invention, but more usually is made by a 
process comprising drying and comminution of 
larger particles. These larger particles may have 
been made by reverse phase bead polymerisation 
but, more usually, are made by comminution of gel 
made by bulk gel polymerisation. 

The polymer in these particles can be linear 
but is generally a cross linked polymer. Usually it 
is a polymer formed from water soluble ethylenical- 
ly unsaturated material comprising polyethylenical- 
ly unsaturated cross linking agent with the result 
that the polymer is cross linked in the backbone of 
the polymer. The water soluble ethylenically un- 
saturated material may be a single water soluble 
ethylenically unsaturated monomer or may be a 
water soluble blend of ethylenically unsaturated 
monomers. 

The ethylenically unsaturated material can be 
non-ionic, anionic or cationic. If it is ionic, it can be 
a blend of non-ionic and ionic monomers, the 
amount of non-ionic monomer often being 0 to 
90%. and usually 0 to 70%, by weight of the blend. 

The preferred ethylenically unsaturated mate- 
rial is generally anionic and may be formed from 
anionic monomer alone or a blend of anionic and 
non-ionic monomers. Although sulphonic mon- 
omers (e.g., allyl sulphonate or 2-acrylamido-2- 
methyl propane sulphonate) can form part of the 
anionic monomer, it is generally preferred that the 
ethylenically unsaturated material should comprise 
carboxylic monomer, for instance rnethacrylic acid, 
maleic acid, itaconic acid, crotonic acid or, prefer- 
ably, acrylic acid. 

Suitable non-ionic monomers include vinyl 
pyrollidone, methacrylamide or, preferably, ac- 
rylamide. 

Suitable cationic monomers include dial- 
kyiaminoalkyl (meth) -acrylamides and -acrylates, 
usually as acid addition or quaternary salts. Exam- 
ples are dimethylaminoethyl (meth) acrylates and 
dimethylaminopropyl (meth) acrylamides. 

Preferred polymers are formed from 10 to 
100%, often 30 to 100%, acrylic acid with the 
balance being acrylamide. The acrylic acid can be 
entirely in the form of free acid but, provided this 
does not interfere with the cross linking reaction, at 
least 50% and usually at least 75% of the acid 
groups are present in the form of sodium or other 
alkali metal or other water soluble salt 

The dry particles will often have conventional 
dryness as a result of drying followed by exposure 



to the ambient atmosphere, for instance below 15% 
moisture, and so the process can be applied to the 
treatment of previously made product. However the 
process of the invention can also be conducted as 

5 part of the overall production process starting with 
polymerisation of the monomer or monomer blend 
and then the dry particles do not have to be dried 
fully before they are rewetted and can, instead, still 
be slightly moist, for instance having a moisture 

70 content up to 20 or 25%. They must however be 
sufficiently dry that they behave primarily as fully 
dried particles rather than as sticky particles. 

The particles are then mixed with sufficient of 
an aqueous solution of a cross linking agent to 

15 form a gel mass. Depending upon the degree of 
cross linking in the initial particles the total amount 
of water at this stage will usually be at least 20% 
(by weight based on the weight of particles and 
added aqueous solution). Although 20% may be 

20 adequate if the polymer particles were linear the 
amount is usually at least 30% by weight, espe- 
cially when the starting polymer is cross linked. It 
is undesirable to add too much water at this stage 
since it has to be removed subsequently and so 

25 generally the total amount of water at this stage is 
preferably below 70%, most preferably below 60%. 
Water content of around 50% is generally pre- 
ferred. 

In addition to converting the individual particles 

30 back to a gel mass, the aqueous solution must also 
carry the cross linking agent into the gel mass. 
This cross linking agent may penetrate uniformly 
throughout the particles or may be concentrated 
primarily at what were, originally, the interfaces of 

35 adjacent particles. 

Thus a preferred novel product according to 
the invention Is a water insoluble, water swellable, 
particulate polymeric material formed from 
ethylenically unsaturated material wherein the poly- 

40 meric material has a polymer structure that is 
formed of zones in which the polymer is substan- 
tially free of cross links between pendant groups in 
the polymer and the zones are interconnected by 
cross linking through pendant groups in the poly- 

45 mer. Each zone generally corresponds to one of 
the initial dry particles in which the polymer struc- 
ture is either linear, if the starting particles were 
linear, or more usually is cross linked in the back- 
bone by a polyethylenically unsaturated monomer. 

so The cross linking agent is one that will react 

with pendant groups in the polymer before or dur- 
ing the final drying so as to cause cross linking. 
Preferably the cross linking agent reacts with car- 
boxylic groups in the polymer and so preferably 

55 the polymer is anionic. However it is possible to 
cross link through other pendant groups, and such 
groups can be included primarily for the purpose of 
providing a cross linking function in the polymer. 
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The cross linking agent must be selected such that 
it is capable of reacting with the chosen groups. 

The use of a polyvalent metal compound, such 
as a compound of aluminium can be suitable when 
the groups are carboxylic and the polymer is linear, 
and will lead to ionic cross linking. However this 
cross linking is. usually inadequate when the poly- 
mer is swellable (and cross linked) rather than 
soluble because it may not resist adequately the 
swelling forces that exist within the final particles 
when they swell. 

Preferably therefore the compound is one that 
leads to covalent cross linking, in which event the 
cross linking agent should be a compound that has 
at least two functionalities capable of reacting with 
carboxylic or other pendant groups. Suitable func- 
tionalities include hydroxy and epoxide groups and 
thus suitable compounds include glycidyl ethers 
and polyepoxy compounds such as ethylene (or 
polyethylene) glycol diglycidyl ether, glycerol (or 
diglycerol or polyglycerol) polyglycidyl ether and 
sorbitol polyglycidyl ether and polyhydroxy com- 
pounds such as ethylene glycol, glycerol and 
trimethylol propane. 

A preferred cross linking agent is a si lane 
coupling agent, and the materials described in de- 
tail in EP 195406 are suitable. Such materials can 
have the formula 
X(R) m Si(Y)3. m (1) 

wherein X represents a group having a functional 
group capable of reacting with the carboxyl group 
and/or the carboxylate group of the water-absorb- 
ing polymer, R represents a hydrocarbon group, Y 
represents a hydrolyzable group, and m is 0, 1 or 
2. 

In formula (1), X is a group having a functional 
group capable of reacting with the carboxyl group 
and/or the carboxylate group of the water-absorb- 
ing polymer. Examples include an epoxy group, an 
amino group, a mercapto group, a chlorine atom 
and a carbon of a quaternary amine. 

Y is a hydrolyzable group such as a lower 
alkoxy group or a lower acyloxy group. Preferably, 
these groups have 1 to 4 carbon atoms. It is 
believed that the hydrolyzable group undergoes 
hydrolysis to form a silanol group which is de- 
hydrocondensed in a well known manner to form 
an Si-O-Si bond. 

R is a hydrocarbon group, for example, an 
alkyl or aryl group, preferably an alkyl group having 
1 to 4 carbon atoms or a phenyl group. 

m is 0, 1 or 2. In other words, the silane 
coupling agent of formula (1) should have the 
hydrolyzable group (Y) as an essential group, but 
does not always have to contain the hydrocarbon 
group (R). 

Examples of the silane coupling agents of for- 
mula (1) are gamma-gly- 



cidoxypropyltrimethoxysilane, gamma-glycidox- 
ypropylmethyldiethoxysilane. beta-(3,4-epox- 
ycyclohexyl)ethyltrimethoxysilane, gamma-(2- 
aminoethyl)-aminopropyltrimethoxysilane, gamma- 

5 (2-aminoethyl)-aminopropylmethyldimethoxysilane, 
gamma-aminopropyltriethoxysilane, N- 
phenylgamma-aminopropyltrimethoxysilane, 
gamma-mercaptopropyltrimethoxysilane, gamma- 
mercaptopropylmethyldimethoxysilane, gamma- 

io chloropropyltrimethoxysilane, gamma-chloropropyl- 
methyldimethoxysilane and octadecyldimethyl[3- 
(trimethoxysilyl)propyl]ammonium chloride. Of 
these, silane coupling agents having a glycidyl 
group as the functional group X, such as gamma- 

75 glycidoxypropyltrimethoxysilane, are preferred. 

The concentration of cross linking agent in the 
aqueous solution is selected having regard to the 
level of cross linking that is required and the 
amount of solution that is being absorbed into the 

20 particles. Generally the dry weight of cross linking 
agent is within the range 0.05 to 5%, most usually 
0.1 to 1%, dry weight based on the dry weight of 
polymer. 

The cross linking reaction may occur relatively 

25 spontaneously upon absorption of the aqueous so- 
lution into the dry particles or, depending upon the 
choice of cross linking agent, it may be necessary 
to maintain the gel mass at ambient or elevated 
temperature for a suitable period to allow cross 

30 linking to occur or it may be necessary to heat the 
gel mass. Often any heating that is required can be 
provided during the drying and so a convenient 
process comprises absorbing the aqueous solution 
into the dry particles to form a gel mass and 

35 substantially immediately drying the mass by heat- 
ing and comminuting the mass. In order to ensure 
uniform distribution of the aqueous solution, it is 
generally necessary to stir the particles and gel 
mass, for instance by a screw mixer, during the 

40 absorption. The mass may be comminuted into 
large pieces prior to or during the drying in con- 
ventional manner and is generally comminuted to 
the desired final particle size prior to final drying 
on, for instance, a fluidised bed in conventional 

45 manner. 

The final particle size can be selected by ap- 
propriate choice of drying and comminution con- 
ditions in conventional manner and is usually below 
2mm, preferably below 1mm. At least 90% of the 

so particles are preferably above 200am and if any 
significant proportion of fines are produced it can 
be convenient to sieve these out and recycle them 
again. The average particle size of the final par- 
ticles is usually at least twice the average particle 

55 size of the initial particles. The amount of particles 
below 200um in the final product is usually below 
half, and often below quarter, of the amount in the 
initial dry particles. 
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The resultant particles may be used by them- 
selves or they may be used blended with particles 
that have not been subjected to the process. For 
instance a conventional process for making absor- 
bent polymer particles may be modified by sepa- 
rating the fines from that process, treating the fines 
in accordance with the invention and then recom- 
bining the resultant treated particles with the main 
production. 

In another process, the aqueous solution of 
cross linking agent is absorbed into the dry par- 
ticles and subsequently or simultaneously the gel 
mass is formed by blending the product of this 
absorption with the main production of water absor- 
bent polymer, i.e., the product of .the gel poly- 
merisation. 

Typical amounts of cross linked fines that may 
be incorporated back into the gel or mixed with 
dried product are in the range 5 to 50%, often 5 to 
20%, based on the total weight of polymer. 

The final product, either consisting solely of the 
treated fines or these blended with other absorbent 
polymer, can be used in any situation where absor- 
bent polymer is conventionally used but is of par- 
ticular value for absorbing water from particulate 
masses for instance as in EP 195550 or GB 
2,200,133. The final product has improved gel 
strength whilst retaining satisfactory gel capacity. 

The following are examples. 



Example 1^ 

100kg of water containing 0.5Kg of 3- 
glycidyloxpropyl-trimethoxysilene (glymo) are 
mixed in a scroll mixer with 100kg of a dry cross 
linked sodium polyacrylate powder with a particle 
size less than 100 microns sieved from a conven- 
tional product made by gel polymerisation and 
drying and comminution. Both components are ad- 
ded continuously at such a rate as to produce a 
reconstituted gel at 50% solids. The resultant gel is 
cut into small pieces prior to drying in a fluid bed 
drier at 100 *C. The coarse dry powder is ground 
and the product between 850 and 900um retained. 

The process is prepared using the same tech- 
niques, but omitting the glymo; for use as a control. 

On swelling in water or saline solution the 
product made using the glymo is able to maintain a 
firm structure in the swollen state. The control 
polymer reverts back to swollen fines which are 
quite soft 



Example 2 

The gel strength at different levels of torque is 
measured on various products. Product A is made 



by adding an aqueous liquor to a dry particulate 
material from which the fines used in Example 1 
have been obtained by sieving. 

In product B, the gel mass is obtained from the 

5 same particulate material as in product A except 
that 10% of the fines described in Example 1 
(without treatment with glymo) are recycled to the 
gel in conventional manner. 

Product C is the same as product B except 

to that the fines are treated with glymo in accordance 
with Example 1 before the recycling. 

The gel strength of product C is considerably 
greater, especially at high torque values, than the 
gel strength of product A which, in turn, is greater 

T5 than the gel strength of product B. 



Example 3 

20 50 grams of cross linked sodium polyacrylate 

fines are added into a food processor and mixed at 
slow speed. Sufficient aqueous solution is added to 
cause the fines to agglomerate into a gel and the 
speed is then increased to break down any large 

25 agglomerates. The product is dried in an oven at 
80 "C and sieved between 850u,m and 45jxm. The 
resultant particles are then tested for their capacity 
and rate of absorption of 0.9% aqueous sodium 
chloride. The amount of cross linking agent that is 

30 provided by the solution ranged from 0.5% to 
1.5%, and the cross linking agent was ethylene 
glycol diglycidyl ether. The drying temperatures 
range from 80 to 1 1 0 " C. The absorption capacities 
were all very satisfactory. The rate of uptake is 

35 greatest using 1.5% of the cross linking agent. The 
optimum amount of glycidyl ether or other cross 
linking agent will therefore be selected having re- 
gard to the particular balance of absoption prop- 
erties that are required and in some instances, 

40 especially when using materials such as glycidyl 
ethers, optimum amounts range up to 3%, 5% or 
even up to 10%. 



45 Claims 

1. A process of making water insoluble, water 
swellable, particulate polymeric material from dry 
particles of a water swellable polymer formed from 

so water soluble ethylenically unsaturated material and 
which comprises forming a gel mass by absorbing 
aqueous solution of cross linking agent into the 
said dry particles, causing cross linking of the 
polymer in the gel mass by reaction between the 

55 cross linking agent and pendant groups in the 
polymer, and drying and comminuting the gel 
mass. 

2. A process according to claim 1 in which the 
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said dry particles are formed from water soluble 
ethylenically unsaturated material comprising 
polyethylenically unsaturated cross linking agent 
and are s we liable, water insoluble, particles and 
have a gel capacity of at least 20g deionised water 
per gram polymer. 

3. A process according to claim 2 in which the 
dry particles have a moisture content of up to 20% 
and the amount of water introduced by the aque- 
ous solution is from 30 to 70% by weight based on 
the weight of particles and added aqueous solution. 

4. A process according to claim 2 in which the 
polymer particles are anionic, water swellable, wa- 
ter insoluble particles. 

5. A process according to claim 2 in which the 
polymer particles are formed from 30 to 100% 
acrylic acid or water soluble salt thereof with 0 to 
70% acrylamide and are cross linked, water insolu- 
ble, water swellable particles. 

6. A process according to claim 2 in which the 
cross linking agent is a covalent cross linking agent 
that will react covalentiy with pendant groups in the 
polymer. 

7. A process according to any preceding claim 
in which the polymer is anionic and contains car- 
boxylic groups and the cross linking agent is se- 
lected from silane coupling agents and materials 
providing at least two groups selected from 
hydroxy I and epoxide groups. 

8. A process according to any preceding claim 
in which the polymer is an anionic polymer contain- 
ing carboxyl groups and the cross linking agent is 
selected from silane coupling agents and glycidyl 
ethers. 

9. A process according to any preceding claim 
comprising absorbing the said aqueous solution 
into the said dry particles and subsequently or 
simultaneously blending the product of this absorp- 
tion by a polymer gel made by gel polymerisation. 

10. A process according to any preceding 
claim in which the dry particles are made by siev- 
ing fines from a product made by reverse phase 
bead polymerisation or from a product made by 
drying and comminuting gel particles made either 
by reverse phase bead polymerisation or by com- 
minution of gel made by bulk gel polymerisation. 

11. A process according to claim 10 in which at 
least 90% by weight of the fines have a particle 
size below 100um. 

12. A water insoluble, water swellable, par- 
ticulate polymeric material formed from ethylenical- 
ly unsaturated material, wherein the polymeric ma- 
terial has a polymer structure that is formed of 
zones in which the polymer is substantially free of 
cross links between pendant groups in the polymer 
and the zones are interconnected by cross links 
through pendant groups in the polymer. 

13. A polymeric material according to claim 12 



in which the polymer has carboxylic pendant 
groups and has a cross linked polymeric backbone, 
and the cross links are provided by a covalent 
cross linking agent. 

14. A polymer according to claim 12 formed 
from 30 to 100% acrylic acid as free acid or water 
soluble salt and 0 to 70% acrylamide and in which 
the cross links are provided by a glycidyl ether or 
silane coupling agent. 
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© Absorbent polymers and their production. 

© Fines or other particles of water swellable poly- 
meric material are converted into a gel mass by 
absorbing an aqueous solution of a cross linking 
agent into the fines, cross linking occurs between 
the cross linking agent and pendant groups in the 
polymer, and the mass is dried and comminuted. 
The polymer is preferably a cross linked sodium 
acrylate polymer and the cross linking agent is pref- 
erably a glycidyl ether or a silane cross linking 
agent. The product, is novel and comprises a poly- 
mer structure that is formed of zones in which the 
polymer is substantially free of cross links between 
pendant groups, and the zones are interconnected 
by cross links through the pendant groups. 
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